Background Metacarpal fractures are common in football players and lead to time away from competition, but current operative treatment data is limited. The purpose of this study was to examine demographics and outcomes of football players who underwent operative fixation for metacarpal fractures. Methods Retrospective review from 2009 to 2012 of any football player surgically treated at one institution for a metacarpal fracture. Charts were reviewed for player position, level of competition, mechanism of injury, return to play, postoperative bracing, and re-fracture event. Current information was obtained via phone interviews with the patient and their athletic trainers. Fractures were classified by radiographic analysis. Results Twenty injuries in ten high school players, nine college players, and one recreational player were identified. The most common injured position was wide receiver (six cases) followed by defensive back (five cases). Most injuries occurred through player-to-player contact (12 cases). The long finger (11 cases) was most commonly involved metacarpal. Two players had multiple metacarpal fractures. The most common location was mid-diaphyseal (15 cases). The mean return to play for all in-season athletes was 6.3 days (range 1-21).
Introduction
Metacarpal fractures are a common injury accounting for approximately 18 % of fractures below the elbow and 10 % of all upper extremity fractures [1, 2] . The mechanism of injury involves direct trauma or fall onto an outstretched hand with a clenched fist [3] . As such, these injuries frequently occur in contact sports such as football, hockey, and wrestling [10, 12] . Metacarpal fractures are commonly treated nonoperatively with good success using cast or splint immobilization in the intrinsic plus position for 4 weeks. The indications for nonoperative treatment include absence of rotational deformity, no articular step-off, less than 10°coronal angulation, less than 10°sagittal angulation in the index and long fingers, less than 20°sagittal angulation in the ring finger, and less than 30°s agittal angulation in the small finger [8] . Minimal shortening is accepted in the metacarpal shaft, as each 2 mm of shortening has been demonstrated to correspond to 7°of extensor lag [11] .
Conservative management of metacarpal fractures has been demonstrated to be an effective treatment option [6, 9] . Surgical treatment of displaced metacarpal shaft fractures allows for anatomic restoration, fracture stability, and early range of motion and rehabilitation, which could also decrease complications such as stiffness and muscle atrophy [7] . This could potentially result in a more expeditious return to play timeline among in-season athletes, and previous studies have reported athletes returning as quickly as 1 week following surgical fixation [3] [4] [5] . All athletes in these studies utilized a protective brace when they initially returned to play.
Although prior studies have described return to play protocols among athletes in general, discussions of return to play timelines for individual sports are lacking. To our knowledge, there are no previous studies that specifically address return to play, bracing, or associated complications of operative metacarpal fractures specifically among football players. The purpose of the present study was therefore to review injury characteristics, as well as the results of operative treatment of metacarpal shaft fractures in a cohort of high school and college level football players. Specifically, we assessed (1) patient demographics, (2) injury characteristics, (3) operative procedures, (4) mean length of return to play, and (5) postoperative protective equipment use.
Material and Methods
Retrospective data was collected for all patients following institutional review board approval. Patients were identified by a computerized search using the current procedural terminology (CPT) code for open treatment of metacarpal fracture. The search was limited to patients who underwent surgical treatment by three surgeons (B.A.E., J.R.D., E.L.C.) at our institution from 2010 to 2012. Surgical indications included a displaced metacarpal fracture with rotational deformity or multiple metacarpal fractures. Forty-six patients with a metacarpal fracture were treated over that 3-year period. Twelve patients did not participate in sports. Thirteen patients were involved in sports other than football, which included basketball, baseball, softball, soccer, martial arts, motor cross, and cheerleading. Twenty-one of the 46 patients participated in football at the collegiate, high school, or recreational level. One high school athlete was lost to follow-up and excluded from the study.
Retrospective chart review was performed to identify player position, level of competition, fracture event and mechanism, return to play, postoperative bracing, and re-fracture event. Completion of data was performed by telephone interview of the athlete and/or the athlete's athletic trainer. Return to play was defined as the number of days between surgical fixation and return to full contact practice or game.
Radiograph assessment, including posteroanterior, lateral, and oblique views of the hand at the time of injury, were reviewed in all patients. These radiographs were used to classify fracture site, anatomic location, and character. Operative reports were reviewed for implant choice.
Data was recorded in an Excel spreadsheet (Microsoft Corporation, Redmond, Washington), which was also used to calculate summary data statistics including in-season return to play as well as for brace time.
Results
Twenty patients met inclusion criteria for the study. Nine were competing at the collegiate level at the time of injury. Of those, eight were National Collegiate Athletic Association Football Bowl Subdivision athletes and one was a Division III athlete. Ten patients were playing high school football, and one was playing collegiate intramural football. The most commonly treated positions were wide receiver (six players) and defensive back (five players). Three linebackers, three running backs, one offensive lineman, one defensive lineman, and a tight end each sustained a metacarpal shaft fracture that met operative indications. Nine players were injured during practice; eight players were injured during a game. Two players were injured during weight training. One collegiate football player sustained an injury while playing recreational basketball.
Metacarpal fractures most commonly took place with player-to-player contact (12 patients). Two players sustained a fracture following contact with the ground. Four athletes were injured by contact with equipment, getting their hand twisted in a jersey, catching the football, or being stepped on. Two sustained noncontact injuries while lifting weights ( Table 1) .
The long finger was most commonly fractured, and most fractures were mid-diaphyseal in location. The appearance of short oblique, transverse, and spiral fractures were evenly distributed. Complete fracture site, anatomic location, and character data are presented in (Table 2) .
Twelve football players underwent open reduction and internal fixation during football season. Eight of the 12 had surgery less than 2 days after injury. Three of 12 underwent fixation less than 4 days after injury. One patient had fixation 14 days after injury, and following failure of conservative cast treatment. The eight out-of-season fractures underwent operative fixation between 0 and 16 days. Most commonly, operative fixation was carried out using a Synthes (West Chester, PA) 2.4-mm LCP modular mini fragment 4, 5, or 6 hole plate (eight patients). Two patients were stabilized with Synthes 2.0-mm LCP modular mini fragment plate. One patient underwent fixation with Synthes 2.7-mm LCP modular mini fragment plate; one patient had fixation of his metacarpal base fracture with a Synthes 2.4-mm condylar plate. A 2.4-mm F3 Fragment Plating System Plate (Biomet, Inc./Hand Innovations, Miami, FL) was used for fixation of one patient. Six athletes underwent fixation with Biomet Hand Innovations 1.6-mm metacarpal nail. One 2.0-or 2.4-mm lag screw accompanied plate fixation in five patients. One patient underwent fixation with three 2.4-mm lag screws only.
The mean return to play for all in-season athletes was 6.3 days (median 5.5 days, range 1-21 days). Return to play for all football players ranged from 1 to 42 days and averaged 16.9 days. The average time to return to play for in-season high school football players was 9.2 days (median 8.5 days; range 3-15 days) and 2.8 days (median 3 days; range 1-4 days) for in-season collegiate football players (Table 3) . One college recreational athlete returned to play without protective equipment at 21 days. All athletes were able to return to their preinjury level of play, and none suffered recurrence of fracture.
All 11 in-season high school and college athletes returned to play with protective equipment in the form of a padded glove, bivalve padded cast, padded club cast, or padded splint. Equipment type varied on football position. Skill positions such as running backs, wide receivers, and defensive backs used padded gloves; offensive lineman and linebackers used padded casts ( Table 4 ). The protective equipment was used for an average of 21 days (range 14-36 days).
Discussion
Following surgical fixation of a metacarpal fracture, in-season high school and college athletes were able to return to play in less than a week, and college football players in less than 3 days. All athletes returned to their preinjury level play or higher without any instance of re-injury. Metacarpal fractures are a common, competition-limiting injury among American football players. To date, however, there remains a paucity of return to play data following operative fixation of this fracture type.
Return to play of athletes following metacarpal fractures has been previously documented. Geissler reported on ten athletes who underwent open reduction and internal fixation of metacarpal fractures. Eight underwent plate fixation, and the other two were stabilized with lag screws. Sport and position played were not included in the study, however. All athletes returned to play within 1 to 2 weeks. One athlete sustained a re-fracture through lag screws at 1 year postoperatively [4] . Geissler and McCraney previously suggested plate fixation of metacarpal fractures in contact athletes who wished to return to play quickly. These authors suggested 2-mm plates with four cortices purchase both proximal and distal to the fracture. With adequate fixation achieved, contact athletes were able to return to play after several weeks wearing a fracture brace [5] . Rettig have reviewed the literature on metacarpal fractures in athletes. These authors are comfortable allowing athletes to return to play within 2 weeks following surgery and wound healing. They also recommend 6 weeks of protective equipment to be worn during practice and game competition following fixation [3] .
The results of the current study compare favorably with these prior studies in regards to a return to play timeline. In-season athletes in this cohort returned to play on average 7 days before previously reported cohorts. In addition, protective equipment was used an average of 21 days, which is 3 weeks shorter than previous recommendations [3] . Despite the decrease in return to play and brace time, there were no postoperative hardware failure or wound complications. This suggests that treating surgeons could potentially advance return to play protocols and shorten brace duration in metacarpal fractures in football players.
There were several limitations of the present study. It is a retrospective review with a small sample size, which could have introduced biases to the study. The reliance on patient interviews also increases the likelihood of recall bias. The average follow-up was 3 months, and longer follow-up would also better assess any late fracture complications. There was also variability in the surgical treatment performed as well as the type of protective equipment, if any, used after surgery. Nevertheless, the authors believe that the outcomes are valuable in guiding treating surgeons on postoperative management of metacarpal fractures in football players. In addition, there was no comparison treatment group involving nonoperative treatment because the purpose of the study is to evaluate return to play after surgical fixation of metacarpal fractures. Patients were selected for surgery based on standard indications, and athletes that were not indicated for surgical treatment were excluded from the study and were immobilized for 4 to 6 weeks. They were held out of play until union was identified on radiographs. The aim of this paper is not to provide an additional indication for surgery based on early return to athletics, but rather to evaluate the return to play timeline after surgical fixation is performed.
The decision to return to play for athletes is multifactorial and requires a collaborative decision from the surgeon, athlete, and coaching and training staff. Conservative management of metacarpal fractures is a proven and reliable treatment. Data from the present study provides support that when indicated, surgical treatment of displaced metacarpal shaft fractures can result in efficient return to play in football players. Surgical interventions with a plate, nail, or with lag screws prevented fracture displacement and allowed early range of motion postoperatively. There were no re-fractures or complications. Further studies are required examining return to play timelines following metacarpal fracture in this subset of athlete patients.
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